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Abstract: 
It is generally believed that human activities are the principal cause of climate change. Some regions of the world are 
experiencing heat waves, severe droughts, and wild fires while other regions are facing unusually strong monsoons, 
widespread flooding, and rain-induced landslides. Because of these extreme events, people around the world are 
facing some form of climate related crisis with increasing frequency. International efforts to advise countries on how 
to reduce their greenhouse gas emissions and cope with climate change are ongoing. National strategies for 
sustainable development are being implemented by many countries as well as programs to monitor and mitigate 
greenhouse gas emissions. Winning the battle to slow down and cope with climate change will be a long term 
challenge which will likely require substantial changes in the behavioral patterns of society. 
© 2012 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Beijing Forum. 
1. Introduction  
Climate change is giving rise to all kinds of environmental changes (1). It results in heat waves, 
droughts and fires in some regions, and in other regions, floods and freak storms. Even though not 
everyone is convinced that the changes in climate are abnormal or anthropogenic, there is widespread 
evidence from many independent sources suggesting that the earth is getting warmer. Temperatures over 
land and ocean are rising. Temperature records are being exceeded in many regions of the world; extreme 
events are becoming more frequent. Some of the inter-annual climate variations, which are sometimes 
attributed to climate change, are undoubtedly due to events such as El Nino. However, it has recently been 
hypothesized that the frequency of El Nino events, which has almost doubled since 1980, might be due to 
the increase in the concentration of greenhouse gases in the atmosphere (2).  
In this presentation, I will describe the greenhouse effect, discuss the main causes of climate change, 
present information on the magnitude and impact of climate change, mention some of the international 
efforts to deal with climate change, and present some strategies for minimizing the increase in the 
atmospheric concentration of greenhouse gases (GHGs). Many technical solutions are being advanced by 
the scientific community to mitigate greenhouse gas emissions and to help adapt to climate change, but 
these are unlikely to be sufficient to stop more global environmental changes unless tremendous progress 
is made in using resources more sustainably.  
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2. The greenhouse effect  
The temperature of the Earth depends on the energy budget at the Earth's surface. The main source of 
energy is the incoming short wave radiation from the sun. Approximately 30% of this radiation is 
reflected back into space by clouds and the Earth's surface (3, 4). Having been warmed by the sun's 
radiation, the Earth cools itself by emitting long wave radiation back into space. Part of the long wave 
radiation emitted by the Earth is absorbed by heat trapping gases in the Earth’s atmosphere such as water 
vapor (H2O), carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), ozone (O3) and re-emitted in 
all directions, including back towards the Earth's surface. Because it is analogous to the way glass 
greenhouses trap solar energy, this phenomenon is known as the greenhouse effect and those heat trapping 
gases in the atmosphere are known as greenhouse gases. The global warming potential of a gas gauges its 
effectiveness in warming the atmosphere. It is different for all GHGs and CO2 is used as the reference. 
For example, over a century, a kilogram of N2O is 298 times more effective at warming the atmosphere 
than a kilogram of CO2. Hence the CO2 equivalent (CO2e) of N2
3. Causes of climate change  
O is 298. It is interesting to note that 
without these greenhouse gases the temperature at the earth surface would be about 33oC cooler.  
For thousands of years, the concentration of GHGs in the atmosphere had been increasing slowly. 
Anomalies in the concentration patterns of CO2 and CH4 have been correlated with the development of 
agriculture. For example, from 8,000 to 2,000 years ago an anomalous increase in the atmospheric CO2
Until the 1970s, as much CO
 
concentration of about 40 ppmv (parts per million) has been attributed to forest clearing for the 
development of agriculture in Europe and China. A similar increase in the concentration of methane of 
250 ppbv (parts per billion) which took place 5,000 to 1,000 years ago has been ascribed to the spread of 
irrigated rice farming in Asia. It has been estimated that the increase in concentration of these two gases 
increased the Earth's temperature by about 0.8oC during that period (3).  
2 had been released into the atmosphere from the clearing of land as from 
the burning of fossil fuels. However, since then, the contribution of fossil fuel combustion has become 
much more important. For example, over the past 20 years, of the CO2
This large in crease in energy-related CO
 emissions are estimated to have 
come from the combustion of fossil fuels and the remainder from land use changes (3). The share of GHG 
emissions related to fossil fuel combustion is now growing at an accelerating rate. 
2
During the last two centuries and particularly during the last 3 to 4 decades, the atmospheric 
concentrations of CO
 emissions is closely associated with the increase in the 
world's population (3. 1 billion in 1961 versus 6. 8 billion in 2010). Energy use and food consumption (5) 
have also increased considerably: in 1971 the average person used 1190 litres of oil equivalent per year, 
compared to 1620 litres in 2007; and the average daily food intake rose from 2365 to 2795calories per 
person during the same period. 
2, CH4 and N2O have been increasing very rapidly (1). For example, the 
concentration of CO2, which was about 280 ppmv two centuries ago before the industrial revolution, is 
now 388 ppmv. It is currently increasing by about 0.5% per year. The methane concentration, which was 
fairly constant at 800 ppbv until 1800, is now about 1900 ppbv. Since 1987, the atmospheric 
concentration of CH4 has increased by an average of 0.3% per year albeit with a large variability from 
year to year. Nitrous oxide concentration has also increased from 270 pptv (parts per trillion) in 1800 to 
320 pptv in 2010. This concentration is now increasing by about 0.25% per year. The increase in the 
atmospheric concentration of these gases is known as the enhanced greenhouse effect. The change in the 
atmospheric concentration of these three gases has changed the radiation budget of the Earth by about 2 
Watts / m2
Although less important than greenhouse gases, there are many other factors that can affect the energy 
budget of the Earth and the climate. Greenhouse gases cause warming while increases in other forcing 
 which is equivalent to an increase in air temperature at the Earth's surface of about 1.5  (7).  
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agents, like the reflectivity (albedo) of the surface and aerosols in the air, are mainly causing atmospheric 
cooling. Land use and land cover change can affect the radiation budget of the Earth through a change in 
the reflectivity of the surface. Land surfaces with a higher albedo tend to have a lower temperature 
because they reflect a higher percentage of the incoming solar radiation. This effect acts at the local scale. 
It has been estimated that northern mid-latitude agricultural regions are about 1-2  cooler in winter and 
spring in comparison with their previous forested state due to the difference in surface albedo (3).  
4. Magnitude and impact of climate change  
Examples of the impacts of climate change are now reported all over the world. The Intergovernmental 
Panel for Climate Change (IPCC) reports that during the past 100 years the world surface temperature 
increased by about 0.6  (1). The National Oceanic Atmospheric Administration (NOAA) recently 
reported that the 2000-2009 decade was the warmest on record and about 0.5  above the 20th century 
average. They also reported that the global land and ocean average surface temperatures in June 2010 
were the hottest recorded since they began keeping records in 1880. June 2010 was also the 304th 
consecutive month that the global temperature was above average. Warming of the ocean by 0.1 to a 
depth of 700m has caused the sea level to rise by 1.6mm/year over the last decade. The melting of 
mountain glaciers and the polar ice sheets are adding another 1mm/y rise in the sea level. During the 20th 
century, the sea level rose about 15cm. Models predict that the sea level may rise as much as 59cm during 
the 21st century. 
The adverse impacts of climate change have been felt in many regions around the world in 2010. In 
fact, record heat waves and / or excess rainfall have occurred in many countries: Russia has endured 
prolonged droughts, heat waves and wild fires this summer; a severe monsoon season resulted in 
catastrophic floods and ruined the homes and livelihoods of 20 million people in Pakistan; China 
experienced its worst drought in 60 years, leaving millions of people facing water shortages; and after 
severe drought in the spring, the Canadian prairies have experienced excess rain. India and Portugal have 
had severe heat waves while Australia and Mexico were hit by floods and landslides.  
5. International efforts to deal with climate change issues  
The international community has begun to mobilize resources to obtain an international agreement on 
GHG emission reduction. These efforts have resulted in the formation of the IPCC and the United Nations 
Framework Convention on Climate Change (UNFCC), and many other programs. It is important for all 
national governments to appreciate the role of each of these programs in responding to climate change. 
The IPCC, which was established in 1988 by the World Meteorological Organization (WMO) and the 
United Nations Environmental Programme (UNEP), is a scientific intergovernmental group tasked with 
evaluating the risk of climate change due to human activities. It advises countries on how to respond to 
climate change by producing comprehensive assessments of the climate situations, and by presenting 
options on how to mitigate GHG emissions and options on how to adapt to climate change (7, 8).  
Thousands of scientists and about 194 governments are involved in this process. They have published a 
series of reports over the years (1, 7, 8). These reports have helped to put climate change issues at the 
forefront of government policy agendas. Methodologies, developed to estimate GHG emissions at a 
national scale, are being extensively used by national governments. A wide range of predictions have 
come from the IPCC, ranging from an increase of 1.1oC to 6.4oC during this century. The IPCC recently 
began to prepare its 5th assessment report. 
Concerns over the difficulties that countries had in finding the political will to enforce GHG reduction 
targets, led to the UNFCC treaty in 1992. The objective of this treaty, which has now been signed by 154 
countries, was to stabilize GHG concentrations in the atmosphere at a level that will not interfere with the 
climate system. One of the first tasks of the UN secretariat was to establish a national GHG inventory 
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system. Updated GHG emission inventories are required on an annual basis from the 40 Annex 1 
countries. There have been many meetings by the Conference of Parties to the UNFCC to discuss climate 
change issues. The Kyoto protocol resulted from one of those meetings. As part of this protocol, many 
countries promised to reduce their GHG emissions to 1990 level by 2012. There are significant variations 
between countries in the progress towards their respective Kyoto targets and in their views of what should 
follow when Kyoto expires. 
6. National strategies for sustainable future  
The challenge for all countries is to satisfy the rapidly increasing demand for energy and food without 
negatively affecting the Earth's climatic system. In 2002, the World Summit on Sustainable Development 
sent a call to all countries to make progress in the formulation and elaboration of national strategies for 
sustainable development and also to begin their implementation by 2005. 
In agriculture, many strategies have been put forward to mitigate and adapt to climate change (9). For 
example, practices, such as no-till management, more forage crops in rotation, more responsible use of N 
fertilizers, and reducing summer fallow areas, are gaining worldwide acceptance. The potential of these 
management practices to increase carbon sequestration in agricultural soils, as well as reduce GHG 
emissions, is substantial, but compared to the fossil fuel contribution, these farming practices could at 
most compensate for only 3% -6% of GHG emissions (10). Because the demand for food keeps increasing, 
not many countries have been able to reduce their farm-related GHG emissions.  
In view of the need to satisfy global food demand and still minimize the agricultural contribution to the 
increase in the atmospheric concentration of GHGs, it is important to consider the rates of GHG emissions 
per unit of production. The rates are a measure of production efficiency. In Canada, we recently calculated 
the changes in GHG emissions associated with livestock production from 1981 to 2006. For example, in 
the dairy industry, GHG emissions per kilogram of milk produced declined from 1.23 kg CO2e to 0.98 kg 
CO2e (11, 12). The beef industry saw a reduction from16.4 kg CO2e per kilogram of beef cattle live 
weight to10.5 kg CO2e (13).The pork industry saw a reduction from 3.0 kg CO2e per kilogram of pork 
live weight to 1.9 kg CO2
Why did GHG emission intensities for Canadian livestock improve so dramatically? There are several 
reasons, the primary one being the dramatic increase in productivity. Crop productivity has more than 
doubled in many cases in the last 50 years in Canada. Better genetics, better feed formulation, better 
animal housing, and better animal health are some of the reasons for improved productivity. Let us take 
the case of the dairy cow in Canada, where from 1900 to 1951 there was little change in milk production 
per cow. However, in the last 50 years the production per cow tripled (15). Similar success stories exist 
for poultry, hog and beef production in Canada. For example, between 1951 and the present, the feed to 
food conversion improved from 3. 4 to 1. 4 kg of feed per dozen eggs. Many of these improvements have 
not yet occurred in some countries. For example, milk production in South East Asia is 6-9 times less than 
it is in Europe and North America. The difference is even greater for Africa. There are, then, significant 
production gains to be made in the agriculture sector in many developing countries. 
e (14).  
Since the GHG emission intensities from various commodities are not easily compared, we recently 
ranked various livestock commodities by their GHG emissions per unit of protein (16). On this basis, the 
GHG emission intensities in Canada for beef were almost three times higher than for dairy, five times 
higher than for eggs and pork production, and eleven times higher than for broilers. This kind of analysis 
provides valuable information to consumers who wish to minimize their impact on GHGs through a 
modification in their diet.  
7. The future  
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Nobody can predict with precision how the global climate will evolve in the future and how it will 
affect humans. However, it is very likely to give rise to more losers than winners. For example, increased 
climate variability could nullify much of the gains we achieve in food productivity. Because of the 
potentially serious consequences of climate change, this uncertainty should be enough to justify action. As 
difficult as this challenge is, such action would be easier to implement now than after the global 
population has increased by another two billion people. The main reason that very little has been done to 
minimize climate change is that the general public and politicians are not convinced that climate change 
needs to be taken seriously. In the public sphere, people act as if all problems can and will be solved by 
technology. However, this problem is very likely to be much more difficult to solve than previous 
problems that society has faced. For this reason it is important to assess and monitor the carbon footprint 
associated with each sector and commodity so that the best opportunities for mitigating GHG emissions 
can be identified. There is no doubt that we need to continue developing more sustainable practices to 
mitigate GHG emissions and increase C sequestration (10). It is quite possible that the intensification of 
sustainable food production could be one of the better responses to climate change. It is also very likely to 
be the one of the least expensive methods for mitigating GHG emissions. No matter what actions are 
taken we will definitely need to adapt to greater climate variability and most importantly “we must all 
learn to live with less so that others can continue living” (17). 
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